Introduction
Phenol and phenolic compounds are aromatic pollutants, which the distributions in various environmental sites are in the form of either natural or artificial mono-aromatic compounds.
These compounds are common constituents of aqueous effluents as waste by-products from industrial processes, including oil refineries, petrochemical plants, ceramic plants, chemical, textiles, dye stuffs, steel industries, phenolic resin industries and pharmaceutical industries [1, 2] . Phenol can be toxic to some aquatic species at concentrations in the low concentration range, and phenolic contaminants can damage sensitive cells, including permeabilisation of cellular membranes and cytoplasmic coagulation [3, 4] . Toxic and highly soluble phenolic compounds have been introduced into many aquifers as a result of industrial activity and careless waste disposal practices, and thus cause profound health and environmental problems [5] . The wide use of phenols in some area and their potential toxicity has led the U.S. Environmental Protection Agency to include them on its list of priority pollutants [6] .
The environmental clean-up of phenol by adsorption, solvent extraction, chemical oxidation, incineration and a biotic treatment procedure suffers from serious drawbacks such as economic issues and the production of hazardous byproducts [7] . Biodegradation is generally preferred, due to rapid, mild reaction conditions, cost effective, the complete mineralization, friendly environment and no secondary pollution, and it offers a promising strategy by which some wastes may be economically and safely detoxified. Biodegradation of phenolic compounds by microorganism has been extensively studied and a large number of phenol-degrading bacteria have been isolated [8] [9] [10] . Although phenol is biodegradable both aerobically and anaerobically, it can be growth inhibitory to microorganisms at elevated concentrations, even to those species that can use it as a substrate [11] . Degradation of phenol was also found incomplete for concentrations higher than 400 mgL -1 , and the residual phenol might inhibit the removal of N and P in wastewater treatment [8, 12] . Nowadays many study aims to isolation phenol degrader at higher concentration.
In this study, Pseudomonas aeruginosa HS-D38 strain, which was originally isolated from cotton soils [13] , was used to degradation phenol. The characteristics of biodegradation were investigated, including dynamic degradation, effects of different initial concentration and the metabolic pathway.
II. MATERIALS AND METHODS

A. Bacterial strain and culture medium
The wide-type bacterial strain HS-D38 was originally All media were adjusted pH to 7.0 and autoclaved for 30 min.
B. Metabolites extraction and preparation
On the basis of phenol mineralization time in MSM medium, the samples were collected at 8 h and 12 h for metabolite study. To recover enough metabolites, extraction were carried out from 1000 ml degradation samples by ethyl acetate, and dehydrated with sodium sulfate, and evaporated using a rotary evaporator, and then the sediment was redissolved into 1ml methanol and filtered with a 0.22-µm membrane as the samples of UV-vis spectral and HPLC analysis.
C. Analytical methods
Bacteria growth was evaluated spectrophotometrically at 600 nm using a 722S spectrophotometer (Shanghai, China).
The dynamic curves of phenol degradation were determined by sampling at each hour and scanning with UV-vis spectrophotometer (S-3100, SCINCO Co. LTD., Korea). 
III. RESULTS AND DISCUSSION
A. Dynamic Biodegradation of phenol
In a mineral salt medium (MSM), HS-D38 strain could degrade phenol and used it as the sole carbon, nitrogen and energy source. 300 mgL -1 phenols were total degraded within 10 h at 35ºC, 150 rpm and 1% microbial inoculums. Samples of the degradation solutions were taken in each hour for measurement of biomass and phenol concentrations.
As shown in Fig 1A, an absorption peak of phenol at 263.5 nm was observed, and the strength of peak on UV-visible spectra decreased gradually with the degradation processing, suggesting that phenol was effectively degraded in MSM medium by HS-D38 strain. After an initial lag phase of 2 h, the peak decreased more rapidly in the next 8 h, meaning the phenol degradation became active. By 10 h, the peak eventually disappeared and phenol concentration was undetectable, indicating that 300 mgL -1 phenols were completely degraded and HS-D38 strain could effectively degrade higher concentration phenol. At the same time, an increase of OD 600 values in the culture was also measured, corresponding to the phenol decrease. The biomass increased from the initial 0.098 to 0.41 at 10 h, and the concentration of phenol from the initial 300 mgL -1 decreased gradually and finally no phenol was detected. In the contrast, no depletion of phenol concentration or increase in the values of OD 600 was noticed (Fig.1B) .
B. Effects of different initial phenol concentration
In order to determine the degradation ability of P. aeruginosa HS-D38, experiment was carried out at different initial concentrations of phenol. HS-D38 strain could grow and degrade phenol in MSM medium with the phenol concentration was under 500 mgL -1 , and the strains grew well at the concentration range of 100 mgL -1 to 500 mgL -1 , while at 600 mgL -1 phenol, HS-D38 strain grew slowly but the enzyme involved in phenol degradation released by HS-D38 still reacted the substrate of phenol, phenol was degraded completely after 24 h ( Fig.2A) , When the concentration was exceeded 700 mgL -1 , phenol could not be degradation even after 72 h, it concluded that high concentration of phenol was toxic to cells and restrained HS-D38 growth [8] . The optimal concentration of phenol was at 500 mgL -1 concentration (Fig.   2B ).
C. Metabolites analysis by HPLC
Intermediate metabolites were analyzed using HPLC technique. Two peaks, which the retention times were at 2.38 min and 6.14 min, were detected in the filtrate of cultures (Fig 3C) . The compound that peak of retention time 6.14 min was a key intermediate in biodegradation pathway of phenol, and it was identified to the p-hydroxybenzoic acid which was corresponds exactly to the authentic compound. Furthermore, with the process of phenol degradation, the peaks were disappeared analyzing the sample at 15 h, which meant phenol was completely degradation.
These results indicated that the phenol was mineralized by HS-D38 strain and the metabolization proceeded via the p-hydroxybenzoic acid pathway (Fig.4) . 
